Learning Objectives: After studying this article, the reader should be able to: 1. Define the role of platelets in hemostasis and wound healing. 2. Describe the technologies for platelet concentration and application. 3. Characterize the platelet concentration and growth factor components of platelet-rich plasma. 4. List the potential applications of platelet-rich plasma in plastic surgery and how it may be applied intraoperatively. 5. Discuss the limitations of the use of platelet-rich plasma and its potential complications. Summary: Healing of hard and soft tissue is mediated by a complex array of intracellular and extracellular events that are regulated by signaling proteins, a process that is, at present, incompletely understood. What is certain, however, is that platelets play a prominent if not deciding role. Controlled animal studies of soft and hard tissues have suggested that the application of autogenous platelet-rich plasma can enhance wound healing. The clinical use of platelet-rich plasma for a wide variety of applications has been reported; however, many reports are anecdotal and few include controls to definitively determine the role of platelet-rich plasma. The authors describe platelet biology and its role in wound healing; the preparation, characterization, and use of platelet-rich plasma; and those applications in plastic surgery for which it may be useful. (Plast.
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ealing of hard and soft tissue is mediated by a complex array of intracellular and extracellular events that are regulated by signaling proteins, a process that is, at present, incompletely understood. [1] [2] [3] [4] [5] What is certain, however, is that platelets play a prominent if not deciding role. 3, 6 Platelet activation in response to tissue damage and vascular exposure results in the formation of a platelet plug and blood clot to provide hemostasis and the secretion of biologically active proteins. These proteins, in turn, set the stage for tissue healing, which includes cellular chemotaxis, proliferation, and differentiation; removal of tissue debris; angiogenesis; and the laying down of extracellular matrix and regeneration of the appropriate type of tissue. [2] [3] [4] 6 In vitro, there is a dose-response relationship between platelet concentration and the proliferation of human adult mesenchymal stem cells, the proliferation of fibroblasts, and the production of type I collagen. 7, 8 This suggests that the application of autogenous platelet-rich plasma can enhance wound healing, as has been demonstrated in controlled animal studies for both soft and hard tissues. 9, 10 The clinical use of platelet-rich plasma for a wide variety of applications has been reported, most prevalently in the problematic wound, maxillofacial, and spine literature. 2, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Collectively, these studies provide strong evidence to support the clinical use of platelet-rich plasma; however, many reports are anecdotal and few include controls to definitively determine the role of platelet-rich plasma. In addition, there is little consensus regarding platelet-rich plasma production and characterization, which can impede the establishment of standards that are necessary to integrate the vast literature in basic and clinical science on the subject. 29 -33 The objectives of this review are to describe platelet biology and its role in wound healing; the preparation, characterization, and use of platelet-rich plasma; and those applications in plastic surgery for which it may be useful.
shape, approximately 2 m in diameter. 34 -36 They have a trilaminar cell membrane with a glycoprotein receptor surface overlying and partially interspersed with and penetrating a bilayer of phospholipids and cholesterol. 26 Platelets lack nuclei but contain organelles and structures such as mitochondria, microtubules, and granules (␣, ␦, and ). 11, 26, 36, 37 There are approximately 50 to 80 ␣-granules per platelet, each bound by a unit membrane and formed during megakaryocyte maturation. 38 The ␣-granules are approximately 200 to 500 nm in diameter and contain over 30 bioactive proteins, many of which have a fundamental role in hemostasis and/or tissue healing. 3, 38 The platelet cytoplasm contains an open, canalicular system that increases the effective surface area for intake of stimulatory agonists and the discharge of effector secretions.
The submembrane region contains microfilaments of actin and myosin that mediate morphologic alterations. 26 These cells possess a tricarboxylic acid cycle and use glucose by means of the glycolytic and hexose monophosphate shunt pathways. 36 Their function is closely linked to their metabolic activity.
Platelets reside intravascularly and are concentrated in the spleen. 36 The normal concentration of platelets in blood is approximately 140,000 to 400,000 platelets/mm 3 . These remain in the circulation for an average of approximately 10 days before removal by macrophages of the reticuloendothelial system. 26, 36 
PLATELET FUNCTION IN HEMOSTASIS AND WOUND HEALING
Functionally, platelets are involved with both hemostasis and the initiation of wound healing. This, however, is a somewhat arbitrary division because hemostasis can be considered to be the first stage of healing.
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PLATELET ROLE IN HEMOSTASIS
After tissue injury, platelets become exposed to damaged blood vessels, which places them in direct contact with collagen, the basement membranes of capillaries, and subendothelial microfibrils. 36 This interaction causes the platelets to aggregate at the site and change from a rounded shape to one that includes large, sticky protuberances, or pseudopodia. 26, 37 This process is called activation. During activation, the ␣-granules fuse with the platelet plasma membrane and release their protein contents to the surroundings, a topic that is described in more detail below as related to the role of platelets in tissue healing.
Other factors that mediate activation include adenosine diphosphate, which is released by activated platelets, and thrombin and adrenalin. 36, 37 For small vascular defects, this platelet plug may be sufficient to stop blood loss; however, if the defect is large, a blood clot may be required.
Blood clotting is initiated by one of two pathways, namely, the intrinsic and extrinsic pathways. 36 The intrinsic pathway is initiated by damage or alteration to the blood, itself, whereas the extrinsic pathway is initiated by contact of blood with factors that are extraneous to the blood (e.g., damaged tissue). Both pathways involve a cascaded reaction sequence whereby inactive factors become activated which, in turn, catalyze the formation of other products from precursors that go on to catalyze subsequent reactions, leading to the formation of a formal clot. Although both pathways begin differently, they converge and share many of the latter steps in the reaction series, as shown in Figure 1 . As is evident, calcium ion is required for the reaction to proceed to completion. Platelets participate at multiple levels in the reaction sequence that generates fibrin threads, and are part of the final clot composition, which consists of a fibrin mesh, with the activated platelet aggregate and red and white blood cells interposed within. Within 20 minutes to 1 hour after clot formation, the clot retracts by means of contraction of the platelet actin-myosin fibers. 26, 34 Such retraction helps to further close the vessel. It is during this time that the platelet releasate, which includes the contents of the ␣-granules, is expressed. Local vasoconstriction in response to the release of thromboxane and serotonin from the platelet aggregate also aids hemostasis. 2 The ability for blood to clot must be disabled for blood to be maintained in the liquid state, ex vivo, for transfusion or processing purposes. Because free calcium ion is required for blood to clot, one effective means of preventing this is to bind the calcium ion so it is unable to participate in the reaction sequence. Citrate ion is typically added, which binds with calcium ion, forming calcium citrate, a soluble but un-ionizable substance. Typical blood preservatives include acid citrate dextrose and citrate phosphate dextrose which, in addition to citrate, contain other substances to maintain cellular viability.
31,35
GENERAL WOUND-HEALING CONCEPTS
There are three overlapping stages to wound healing: (1) inflammatory, (2) proliferative, and (3) remodeling.
2,4,5,39 Inflammation is the initial response to tissue injury, whereby the goal is to provide rapid hemostasis and begin the sequence of events that leads to regeneration of tissue. As blood escapes from the damaged vessels, a hematoma forms, filling the tissue space, with platelets playing a key role, as described above. Growth factors and cytokines are released by activated platelets and other cells, resulting in cell migration, proliferation, differentiation, and matrix synthesis. 4, 5 The fibrin mesh of the hematoma functions as a provisional matrix to maintain the regenerative space and provide a scaffold for cell migration and proliferation. 5, 16 The first inflammatory cells to invade the wound site are neutrophils, which provide rapid protection against infection and removal of tissue debris, having lifetimes measured in hours and days.
2,4 -6,39 Next, there is an influx of monocytes and T lymphocytes.
The monocytes differentiate to macrophages and become the predominant cell type. Macrophages have lifetimes measured in days to months and assist the neutrophils in their function and in secreting factors that direct succeeding events. 2,4 -6 The role of the T lymphocytes in successful wound repair is presently unclear. 39 Mesenchymal stem cells migrate into the region, providing the uncommitted cell line that will be responsible for formation of bone, cartilage, fibrous tissue, blood vessels, and other tissues. 4 Fibroblasts migrate into Volume 118, Number 6 • Platelet-Rich Plasma 149e the region and begin to proliferate, producing extracellular matrix. 4, 40 Blood vessel endothelial cells near the injury proliferate and form new capillaries that extend into the injured site. This begins the process of angiogenesis. 2, 4 Near the end of the inflammatory phase, granulation tissue, with a pink, soft, granular appearance, forms. This is a transient, well-vascularized tissue devoid of nerves but rich in fibroblasts, capillaries, and chronic inflammatory cells that provides a metabolically rich environment to aid repair. 5, 41 During the second, or proliferative, phase of wound healing, the damaged, necrotic tissue is removed and replaced by living tissue that is specific to the local tissue environment (e.g., bone, cartilage, fibrous tissue). The mesenchymal stem cells differentiate into osteoblasts, fibroblasts, chondrocytes, and other cell types as required to generate the appropriate type of tissue. 4 Local factors, including the growth factor and cytokine profile, hormones, nutrients, pH, oxygen tension, and the electrical and mechanical environment, mediate the appropriate differentiation. 4 The third and final phase of wound healing is remodeling. During this phase, the newly generated tissue reshapes and reorganizes to more closely resemble the original tissue. Changes that occur include a reduction in cell density and vascularity, removal of excess repair matrix, and orientation of the collagen fibers of the repair matrix along lines of stress to maximize strength.
2,4 Bone remodeling is generally described by Wolff's law. 4, 42 This final stage of healing can require years for completion. 2, 4 Scar tissue differs from normal tissue in that it is regenerated tissue that consists primarily of fibroblasts and matrix and may restore integrity but not form and function. 4 Soft tissue and skin heals by scar formation. 4, 43 The healed tissue, however, may consist of some components of the original tissue that have reformed within the scar. Bone is unique in that it typically heals without scar (i.e., the healed tissue cannot be distinguished from uninjured bone). 4 Tissue, patient, and treatment variables affect the rate and quality of the healing response. 4 
PLATELET ROLE IN WOUND HEALING
Numerous proteins are contained within the ␣-granules of platelets that strongly influence wound healing, including platelet-derived growth factor (PDGF) (including ␣␣, ␤␤, and ␣␤ isomers), transforming growth factor (TGF)-␤ (including ␤1 and ␤2 isomers), platelet factor 4 (PF4), interleukin (IL)-1, platelet-derived angiogenesis factor (PDAF), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), platelet-derived endothelial growth factor (PDEGF), epithelial cell growth factor (ECGF), insulin-like growth factor (IGF), osteocalcin, osteonectin, fibrinogen, vitronectin, fibronectin, and thrombospondin (TSP)-1. 2, 6, 16, 23, 26, 34, 38, 44 Collectively, these proteins are members of the families of growth factors, cytokines, and chemokines which, for the purpose of this review, are broadly referred to as secretory proteins.
Activation, also known as degranulation, causes the ␣-granules to fuse to the platelet cell membrane, where at least some of the secretory proteins (e.g., PDGF and TGF-␤) are transformed to a bioactive state by the addition of histones and carbohydrate side chains. 6, 11, 38 The active proteins are then secreted, allowing them to bind to the transmembrane receptors of target cells (e.g., mesenchymal stem cells, osteoblasts, fibroblasts, endothelial cells, and epidermal cells). Once bound to the transmembrane receptors, intracellular signal proteins are activated, which results in the expression of a gene sequence that directs cellular proliferation, matrix formation, osteoid production, collagen synthesis, and so forth. 6 Platelets begin to actively secrete these proteins within 10 minutes after clotting, with more than 95 percent of the presynthesized growth factors secreted within 1 hour. 6 After this initial burst of protein release, the platelets synthesize and secrete additional proteins for the balance of their life (5 to 10 days). 6, 16, 33 As the direct platelet influence begins to subside, macrophages, which arrive by means of vascular ingrowth stimulated by the platelets, assume responsibility for woundhealing regulation by secreting their own factors. Thus, the platelets at the repair site ultimately set the pace for wound repair. 6, 35 The many proteins secreted by the activated platelets influence many aspects of wound healing, and Anitua et al. 3 have provided a recent, detailed review. For example, PDGF is chemotactic for macrophages whereas, collectively, PDGF, TGF-␤, and IGF assist in chemotaxis and mitogenesis of stem cells and osteoblasts, angiogenesis for capillary ingrowth, bone matrix formation, and collagen synthesis. 3, 16, 24 TGF-␤ and PDGF also assist in bone mineralization. 10 As a group, the adhesive proteins fibrinogen, fibronectin, vitronectin, and TSP-1 participate in thrombus formation, and some appear to have some mitogenic characteristics as well. 3, 45, 46 Some of the secretory proteins released from platelets are absent in chronic, nonhealing wounds, providing further evidence of their role in wound healing. 26 Although it is generally believed that platelets do not contain bone morphogenetic proteins (BMPs), 6, 35 Sipe et al. 47 recently identified both BMP-2 and BMP-4 within platelet lysate, suggesting the possibility that this might contribute to the platelet role in bone formation and repair. A schematic diagram of the role of platelets in wound healing is shown in Figure 2 .
Although platelets are central to normal wound healing, healing can occur in their absence. For instance, animals rendered thrombocytopenic, although displaying altered woundhealing characteristics that may be sitedependent, may go on to heal, perhaps through the involvement of compensatory mechanisms. 39 
PLATELET-RICH PLASMA
Platelet-rich plasma is defined as a portion of the plasma fraction of autologous blood having a platelet concentration above baseline. 31 As such, platelet-rich plasma contains not only a high level of platelets but also the full complement of clotting factors, the latter of which typically remain at Volume 118, Number 6 • Platelet-Rich Plasma 151e their normal, physiologic levels. Other terms in the literature that are sometimes used to describe platelet preparations include platelet concentrate, platelet gel, and platelet releasate. 21, 26, 31, 48 Ideally, there should be universal agreement regarding definitions and terminology; however, at the very least, the nature of the platelet derivative studied should be precisely and unambiguously described. The processing required to concentrate platelets in a portion of the plasma will leave the balance essentially devoid of platelets. Such platelet-poor plasma can function clinically as a fibrin sealant for hemostasis. 2, 20, 23, 35, 49 Five important issues relating to platelets are discussed in the following order: platelet concentration ratio, processing technique, quantification of secretory protein concentration, handling, and application, and clinical use.
Platelet Concentration Ratio
To a first approximation, the amount of hematoma that forms in response to trauma is proportional to the degree of tissue injury. In this way, delivery of platelet-rich plasma can be thought of as responding with hematoma in excess of that which would have been physiologically produced. It is likely that the effect of platelet-rich plasma on wound healing is a function of many variables, including the platelet concentration, platelet-rich plasma volume delivered, the extent and type of injury, and the overall medical condition of the patient. The large number of variables and their potential for interaction is probably the reason that there is no single recommendation for the degree of increase of platelets in platelet-rich plasma over baseline.
Some investigators have suggested that plateletrich plasma should achieve a 3 to 5-fold increase in platelet concentration over baseline, 11, 30, 48 although the dependence of clinical benefit on platelet concentration versus total number of platelets delivered may need to await further investigation. 32 Platelet concentration ratios of less than 2-fold to 8.5-fold have been reported. 6, 11, 22, 29, 30, 48, 50 Weibrich et al. 44 suggest that different individuals may require different platelet concentration ratios to achieve comparable biological effect.
Processing Technique
During surgery, platelets will collect at the surgical site to initiate clotting and healing, somewhat reducing the whole blood platelet count. 31 As such, blood should be drawn before surgery begins because the surgery itself will lead to platelet activation that may interfere with preparation. 20, 23 When anticoagulated blood is centrifuged, three layers form as a function of density: the bottom layer consisting of red blood cells (specific gravity, 1.09), the middle layer consisting of platelets and white blood cells (buffy coat; specific gravity, 1.06), and the top plasma layer (specific gravity, 1.03). 26 Centrifugation forms the basis of current methods for producing platelet-rich plasma, with the yield approximately 10 percent, by volume, of whole blood drawn. Platelet fragmentation during processing should be avoided. Because it is the process of activation that results in the completion of the tertiary structure of some of the secretory proteins, such fragmentation during processing could result in the release of high levels of proteins, with compromised bioactivity. 48 The integrity of the platelet membrane can be preserved by use of acid citrate dextrose type A anticoagulant and low gravity forces during centrifugation. 31, 48 In addition, platelet activation occurring during processing should be kept to a minimum. Although bioactive secretory proteins would be produced, they might be lost and not transferred to the surgical bed when the clot is implanted, although the magnitude of this may be a function of the mode of delivery.
29 P-selectin is a protein contained in the inner face of the ␣-granule membrane. 38 On platelet activation, the ␣-granule membrane fuses with the platelet membrane and P-selectin becomes expressed on the platelet surface, where it can be measured and the amount of platelet activation determined. 38, 48 Thus, measurement of P-selectin provides valuable information regarding the platelet-rich plasma preparation. 29, 30 Although it is possible to use a standard laboratory centrifuge to produce platelet-rich plasma, the process is labor intensive, generally requiring two spins and multiple transfers; consequently, sterility may be difficult to maintain. 31, 48, 51 Furthermore, such techniques may not reliably maximize the platelet concentration or the levels of key secretory proteins. 6 Standard cell separators and salvage devices can be used to produce platelet-rich plasma. These devices operate on a unit of blood and typically use continuous-flow centrifuge bowl or continuous-flow disk separation technology and both a hard (fast) and a soft (slow) spin, yielding platelet concentrations from two to four times baseline. 30, 52, 53 Such devices include the CATS (Fresenius, Wilmington, Del.), Sequestra (Medtronic, Minneapolis, Minn.), Haemonetics Cell Saver 5 (Haemonetics Corp., Braintree, Mass.), and others. 30, 32, 52 Many surgical procedures require use of relatively small volumes of platelet-rich plasma. 20, 23 Some of these procedures may be performed in an office setting, making draw of a full unit of blood undesirable and legally precluding the reintroduction of the unused portion of the blood to the patient. 31 Consequently, small, compact office systems have been developed that produce approximately 6 ml of platelet-rich plasma from 45 to 60 ml of blood, obviating the need for reinfusion. 6, 20, 31, 54, 55 There are many such systems, including the GPS (Biomet, Warsaw, Ind.), the PCCS (Implant Innovations, Inc., Palm Beach Gardens, Fla.), the Symphony II (DePuy, Warsaw, Ind.), the SmartPReP (Harvest Technologies Corp., Norwell, Mass.), and the Magellan (Medtronic, Minneapolis, Minn.). 6, 29, 30, 32, 35, 52, 54 Although all operate on a small volume of drawn blood (45 to 60 ml) and on the principle of centrifugation, these systems differ widely in their ability to collect and concentrate platelets, with approximately 30 to 85 percent of the available platelets collected and from a less than 2-fold to an approximately 8-fold increase in the platelet concentration over baseline. 6, 29, 30, 52 In general, most systems, whether large or small volume, do not concentrate the plasma proteins of the coagulation cascade. 30, 32, 56 The concentration of plasma protein levels above baseline can be achieved though secondary ultrafiltration, as is done with the UltraConcentrator (Interpore Cross, Irvine, Calif.), and the Access System (Interpore Cross), in which the buffy coat collected from a centrifugation stage is passed through hollow fibers with an effective pore size of 30 kDa. With this system, up to two-thirds of the aqueous phase is removed by filtration; thus, the concentrations of the retained plasma proteins and formed elements are correspondingly increased.
56,57
Quantification of Secretory Protein Concentration
The regenerative potential of platelet-rich plasma depends, to large extent, on the levels of secretory proteins that are released on platelet activation. 29, 44 These protein levels will depend on several factors, including (1) the concentrations of these proteins contained in the platelets (a patient variable); (2) the processing technique, which will influence platelet concentration and whether platelets are activated or fragmented during preparation; and (3) the completeness of platelet activation before measurement.
29,31,44,58
The secretory proteins must first be released from the platelets before they can be measured. Release can be accomplished through platelet activation or through physical disruption of the platelet/␣-granule structure. The most common method of platelet activation is to add calcium chloride and thrombin to the platelet-rich plasma. 23, 29, 35, 48 The thrombin directly activates platelets, and the calcium ion replenishes that which was bound by the acid citrate dextrose type A anticoagulant. Although this method is often used to activate platelet-rich plasma clinically, the activation that occurs during clot formation does not necessarily lead to complete release. 33 Another activation method uses adenosine diphosphate, which acts directly on the platelets. 59, 60 Secretory protein levels are commonly expressed in concentration units (e.g., measured amount per milliliter of releasate or per 100,000 platelets). Weibrich et al., 44 using a freeze/thaw cycle to release proteins, measured the levels of PDGF-␣␤, PDGF-␤␤, TGF-1, TGF-␤2, and IGF-1 in specimens of platelet-rich plasma derived from 115 patients. Minimum and maximum values for each typically spanned one to two orders of magnitude, with means Ϯ SD of 117.5 Ϯ 63.4 ng/ml, 9.9 Ϯ 7.5 ng/ml, 169.4 Ϯ 84.5 ng/ml, 0.4 Ϯ 0.3 ng/ml, and 84.2 Ϯ 23.6 ng/ml, respectively. They found statistical correlations between the concentrations of the following pairs of growth factors: PDGF-␣␤/PDGF-␤␤, PDGF-␣␤/TGF-␤1, and PDGF-␤␤/TGF-␤1. There was little or no correlation between the levels of these individual proteins and donor age and gender attributes. Eppley et al. 29 used thrombin/calcium chloride to activate platelets and release proteins from platelet-rich plasma derived from 10 healthy volunteers. Secretory protein levels measured were 17 Ϯ 8 ng/ml (PDGF-␤␤), 120 Ϯ 42 ng/ml (TGF-␤1), 955 Ϯ 1030 ng/ml (VEGF), 129 Ϯ 61 ng/ml (EGF), and 72 Ϯ 25 ng/ml (IGF-1). Zimmermann et al. 33 used various methods to initiate platelet release and measured levels of PDGF-␣␤, PDGF-␤␤, and TGF-␤1 in platelet-rich plasma preparations both rich and deficient in white blood cells, expressing levels both on a per-milliliter and a per-100,000 platelet basis. For a given protein, there was typically a 3-to 4-fold range in measured level versus release method, and the authors concluded that the release of each growth factor by a given sample preparation method must be investigated and interpreted separately.
All else being equal, one would expect that the concentration of released secretory proteins would be linearly proportional to the platelet conVolume 118, Number 6 • Platelet-Rich Plasma centration ratio. Although such a relationship between some secretory proteins (i.e., PDGF-␣␤, TGF-␤, VEGF, and EGF) and platelet count has been reported, 59 an additional study by the same principal author confirmed this relationship only for PDGF, TGF-␤, and EGF, but not for VEGF and IGF. 60 Although a general trend of increasing protein content and platelet count for a variety of secretory proteins (PDGF-␣␤, PDGF-␤␤, TGF-1, TGF-␤2, VEGF, EGF, and IGF-1) was demonstrated, Eppley et al. 29 and Weibrich et al. 44 found little value in using platelet concentration ratio to predict resultant platelet-rich plasma secretory protein levels. Eppley et al., 29 using thrombin/ calcium chloride to activate the platelets, found variable concentration ratios for several secretory proteins, all lower than the platelet concentration ratio. Incomplete platelet activation and variable binding of the expressed proteins to the clot, which would not have been measured in the platelet-rich plasma supernatant, could be a partial explanation.
Handling and Application of Platelet-Rich Plasma
After preparation, platelet-rich plasma is stable, in the anticoagulated state, for 8 hours, or longer, permitting the blood to be drawn before surgery and used, as needed, during lengthy operations. 6, 31, 61 The platelet-rich plasma must be activated for the platelets to release their ␣-granule contents, with the clot that forms providing a vehicle to contain the secreted proteins and maintain their presence at the wound site. This is most commonly performed by adding a solution of 1000 units of topical bovine thrombin per milliliter of 10% calcium chloride to the platelet-rich plasma.
2,20,22,29 Marx et al. 22 described a technique in which 6 ml of platelet-rich plasma, 1 ml of the calcium chloride/thrombin mix, and 1 ml of air (to act as a mixing bubble) is introduced into a 10-ml syringe. The syringe is agitated for 6 to 10 seconds to initiate clotting, and then the clot delivered. Alternatively, Man et al. 20 described another technique for delivering the activated platelet-rich plasma. The platelet-rich plasma and calcium chloride/thrombin solution are mixed in a 10:1 (volume/volume) ratio by use of a dualsyringe mixing system. The platelet-rich plasma is drawn into a 10-ml syringe and the activating solution is drawn into a 1-ml syringe. Both syringe plungers are connected to move together with both output ports connected to a dual-spray applicator tip that allows both solutions to be mixed as they are applied to the wound. Platelet-poor plasma can be delivered similarly to function as a fibrin glue or hemostatic agent. 20, 23 Because the ␣-granules quickly release their contents on activation, Marx 6 states that the clotted platelet-rich plasma should be used within 10 minutes of clot initiation. This is not an issue with the dual-syringe spray delivery, as the platelet-rich plasma is delivered to the wound site immediately after activation. In the case of other mixing techniques, it is important to transfer the clot to the surgical site before clot retraction; otherwise, the transferred clot may be deficient in the secretary proteins that were expressed.
In the early to mid 1990s, there were a few reports of the development of antibovine antibodies (antibovine factor V) that cross-reacted with human clotting factors in response to use of the bovine product to provide hemostasis to open, bleeding vessels. [62] [63] [64] Although bovine thrombin is often used (along with calcium chloride) for clinical platelet activation, there is little evidence that such cross-reaction occurs for this application. This may be because (1) current processing methods remove much more bovine factor V contamination and (2) its use in platelet-rich plasma gel precludes its exposure to the systemic circulation, possibly explaining why platelet-rich plasma has not produced postsurgical bleeding or shown elevation in postoperative prothrombin time or the development of detectable antibovine antibodies.
10
Clinical Use
Proponents of platelet-rich plasma technology suggest that benefits include an increase in hard-and soft-tissue wound healing and a decrease in postoperative infection, pain, and blood loss. 34 There have been numerous publications on the use of platelet-rich plasma for several clinical applications, including periodontal and oral surgery, 12, 14, 16, 18, [22] [23] [24] [25] 27 maxillofacial surgery, 27 aesthetic plastic surgery, 2, 20, 26 spinal fusion, 13, 17, 19 heart bypass surgery, 15 and treatment of chronic skin and soft-tissue ulcers. 21, 65 The details of the quantity of plateletrich plasma used and the methods of application are procedure-specific. Although the vast majority of these studies have yielded excellent outcomes, most are only limited case studies or series. As such, wound-healing enhancement by platelet-rich plasma remains largely anecdotal. There exists, however, a small collection of clinical studies with prospective or retrospective controls that have demonstrated a significant enhancement of hard-and softtissue healing with the use of platelet-rich plasma. 11, 12, 15, 17, 21 In plastic surgery, the use of autologous blood-derived products has been largely limited to fibrin glues, primarily used to obtain hemostasis and adherence of skin flaps. The first report was in 1990 regarding a diverse use of fibrin glue (Tisseel) for multiple aesthetic facial applications (23 patients) applied on the undersurface of flaps. 66 Application for a "minimal suture blepharoplasty" in 1992 with closure of incisions with autologous fibrin glue reported lower complications with milia formation than standard suture techniques. 67 A study of 20 patients by Man et al. 20 demonstrated that the use of autologous fibrin glue and platelet gel in cosmetic surgical procedures involving the creation of flaps, such as in face and neck lifts and breast reductions and augmentations, resulted in numerous advantages. These included the elimination of the need for drains, a reduction in postoperative pain and swelling, and improved wound healing. In another skin flap study, a clinical series of eight patients were unilaterally treated with autologous platelet-rich plasma mixed with thrombin and calcium chloride to form an autologous platelet gel to determine the effects on postoperative recovery from deep-plane rhytidectomy. 68 Staged postoperative facial photographs were graded in a blinded fashion for postoperative ecchymosis and edema. Although no statistically significant differences were identified in the data, trends suggested that treatment with autologous platelet gel was better at preventing or improving ecchymosis rather than edema, and was chiefly demonstrable in the early phases of recovery. In a larger face-lift case series, a single postoperative hematoma among a cohort of 100 consecutive patients undergoing face lifting treated with bilateral autologous platelet gel occurred, an outcome reported as a significant reduction in postoperative complication incidence by the authors. No drains or postoperative dressings were used in the fibrin glue-treated group, which patients found most favorable. 69 Similarly, Oliver et al. in 2001 reported on a prospective, randomized, doubleblind trial of the use of fibrin sealant for face lifts in 20 patients. A significant difference in drain output occurred between control and treated sides (average, 30 ml for the control side and 10 ml for the fibrin glue side). It was suggested that postoperative drains may not be needed with this technique, and that pain and bruising may likewise be reduced. 70 Favorable results were also reported by Fezza in 2002. In 24 consecutive patients, fibrin glue was used in face lifts without drains. These patients had less bruising and swelling, no incidence of hematoma, and shorter operative times compared with another group of 24 face-lift patients where glue was not used. 71 The most recent study of the efficacy of a commercial (nonautologously derived) fibrin glue on face lifts was reported by Marchac in 2005, nearly 10 years after his initial report in 1994. In a prospective study of 30 patients, there were minimal differences between glued and unglued sides in terms of drain output, bruising, swelling, or the incidence of hematomas. 72 After 17 years of clinical use, this experienced author now concludes that the theoretical benefit of fibrin in face lifts is not as great as previously hoped. In a companion experience, Jones et al. in 2004 did not find any statistical difference in hematoma rates with the use of fibrin glue compared with other prevention techniques such as dressings, drains, or the use of tumescence. 73 Results with fibrin glue fixation in forehead endoscopy were reported in 1998. In 206 endoscopic forehead procedures in 196 patients in which fibrin glue was used, good results were obtained in 86 percent of the cases, with minimal complications. Fibrin glue provided stable fixation, with the possibility of displacement in several directions, including transversal expansion. 74 Numerous clinical trials have reported favorable results evaluating wounds treated with platelet releasate. Knighton et al. 75 observed that 17 of 21 chronic lower extremity ulcers reepithelialized during an 8.6-week (average) course of twice-daily wound treatment with platelet releasate suspended on a collagen base (platelet-derived wound-healing factor) compared with two of 13 similar wounds treated with placebo. After crossover of the placebo group, all 11 nonhealed wounds achieved 100 percent epithelialization in an average of 7.1 weeks. An earlier study by the same group, also using plateletderived wound-healing factor, demonstrated a 93 percent reepithelialization rate among 71 chronic wounds in 41 patients after daily treatments with autologous platelet concentrate. A similar clinical protocol was reported by Ganio et al. in a case series of 171 patients with 355 chronic (average, 75 weeks before presentation) lower extremity wounds. 76 Results included a 78 percent rate of limb salvage in patients for whom amputation was initially recommended after daily 12-hour treatments with plateletderived wound-healing factor for an average of 10 Volume 118, Number 6 • Platelet-Rich Plasma 
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Chronic nonhealing wounds in the foot 171 patients presenting with 355 wounds of average duration 75 wk treated with PDWHF. 100% epithelialization achieved at an average of 10 weeks; 78% limb salvage for "at-risk" patients.
72
Mandibular continuity defects Randomized, prospective study of 88 patients.
Used cancellous cellular marrow grafts with or without PRP. Radiographic and histomorphometry assessment at 6 mo. Grafts with PRP had approximately twice the radiographic maturity of those without and a significantly greater trabecular bone density. The authors concluded that PRP accelerated bone formation.
22
PRP, platelet-rich plasma; PPP, platelet-poor plasma; PDWHF, platelet-derived wound-healing factor.
Plastic and Reconstructive Surgery • November 2006 weeks. Marx et al. 22 reported enhanced bone formation in mandibular bone grafts treated with platelet-rich plasma, an effect lasting up to 6 months postoperatively that was documented by biopsyproven enhanced bone deposition among plateletrich plasma-treated grafts. Table 1 summarizes these cited studies. Collectively, they provide existing evidence for the clinical use of platelet technology in the healing of both soft-and hard-tissue wounds.
CONCLUSIONS
Platelets immediately appear at the site of tissue injury in large numbers. As such, it makes evolutionary sense that platelets direct wound healing because, by design, they will be present exactly where and when needed, to create a local environment conducive to tissue regeneration. By releasing secretory proteins from their ␣-granules on activation, platelets set the pace of wound healing, with their effects remaining long after the clot has been cleared. The enhancement of healing by the placement of a supraphysiologic concentration of autologous platelets at the site of tissue injury is supported by basic science studies. There exist a small number of controlled, clinical studies that provide evidence that the use of autologous platelet-rich plasma does, indeed, accelerate softand hard-tissue healing in at least some applications. The future role of platelet-rich plasma in plastic surgery largely remains both theoretical and anecdotal at this time. Many more controlled clinical studies will be required to establish the conditions under which the application of platelet-rich plasma has merit. Currently, platelet-rich plasma use seems to offer some efficacy in certain types of acute and chronic wounds, although the timing of application is not clear. In aesthetic plastic surgery, although theoretically appealing and not harmful, the potential benefits of platelet-rich plasma may be difficult to measure in these patients with otherwise normal wound healing. 
